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u?f 1. Abstract
LY
:i? Samples of zirconium oxide containing 5-20 atomic percent chromium were prepared

by double decomposition of the nitrates. X-ray diffraction analysis showed the

iy products to be single phase. Magnetic susceptibility measurements were used to .
18 \ R
L N characterize the formal oxidation state of the chromium. g
* i
- ﬂ
1 o\
o~ i
e
:it 2. Introduction g
= u
- Magnetic studies of the chromium-aluminum oxide system were reported by Eischens 0 3
. o«
e and Selwood (1) and indicate that the average valence of chromium is dependent ‘:
E isvanu )y
B ‘o
L upon the method of sample preparation. Matsunaga (2) has reported that the high ~
!l. (1 .
ey average oxidation state of the supported chromium oxide on alumina is due to —
Yy . |
; ﬂ{ . des :
p*h surface oxidation. _ or
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It has been shown t' ~ stabilized cubic ZrOj containing chromium can be
prepared (3, 4). Walter et al. (5) measured the magnetic properties of the
catalyst system Zr0,-Cr;03 and demonstrated the existence of_Cr(IV), Cr(V) and
Cr(VI) in addition to Cr(III). However, there has been no detailed study \
showing the relationship between the magnetic properties and the structure of
members of the chromium-zirconium oxide system as a function of chromium

content. It is therefore the purpose of this study to investigate these g

relationships.

L R o .S

3. Experimental

Bulk chromium (III) oxide samples containing varying quantities of chromium (IV)
oxide were prepared by decomposition of Cr(NOz)3-9H,0. The nitrate was
dissolved in water and dried at 150°C for 12 hours. The samples were then

ground and decomposed at temperatures ranging from 450°C to 800°C. The final

$TET ety o

products contained varying amounts of Cr(IV). Zirconium oxide samples

containi:ug various percentages of chromium were prepared by mixing the desired

quantity of analyzed chromium nitrate Cr(NO3)3+9lip0 with appropriate amounts of

8«

Al

ZrO(NO3)2. The atomic percent of chromium reported in this study corresponds to

the ratio Cr/(Cr+Zr). Two ml of water was added for each millimole of total ¥
nitrates. The solution was then dried at 150°C for 12 hours and the product was
ground and heated at 600°C for 24 hours. Some samples were then subsequently ‘
heated at elevated temperatures between 650-1100°C for 24 hours. In order to
o ensure that all of the chromium was chromium (III), a portion of the 20at%
-

- sample was heated at 600°C and then reduced in a 85%Ar/15%1, atmosphere at 600°C
o

S I, N PP AP IS N AR
YR e Yo N

R PN P R S R Oy S SRl
e e WA e e S T



’
.
*
LY

K

P

Fos

-3 - 3
<
for 8 hours. In order to ascertain the appropriate temperature of complete Si
decomposition of the nitrate, preliminary decomposition experiments were carried gi
out in a Cahn System 113 thermal balance. i
g
A sample of 10 mole percent chromium oxide supported on ZrO; was also ﬁ;
prepared by the incipient wetness method. ZrO(NO3), was dissolved in water and :
dried at 150°C for 24 hours and then heated at 400°C for 24 hours. A calculated e
quantity of Cr(N03)3-9H,0 was dissolved in water and the appropriate weight of ?;
Zr0) was dispersed into this solution and stirred for about ten minutes. The E{
resulting impregnated ZrO; was dried at 150°C for 12 hours and the product was ?f
ground and heated at 600°C for 24 hours. For the preparation of this sample, 20 E_
ml of 0.1M Cr(NO3)3*9H,0 was used for each gram of ZrO;. E:
;
X-ray powder diffraction patterns of the samples were obtained using a i;
o
Philips diffractometer and monochromateﬁ high intensity CuKaj radiation (A = fi
1.54053). The diffraction patterns were taken in the range 12° < 26 < 80° with {*
a scan rate of 1° 20 min-! and a chart speed of 30 in h-1, E}
3
W
Magnetic susceptibilities were measured using a Faraday balance at a ficld {“
»
strength of 10.4 kOe. Honda-Owens (field dependency) plots were also made and ~:
-+
all magnetic susceptibility data were corrected for core diamagnetism. Magnetic j!'
susceptibility measurcments were made from liquid nitrogen temperature to 315K. :
S
25
R
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4. Results and Discussion

Bulk samples of chromium (III) oxide were prepared by the decomposition of
Cr(NO3)3-9H;0. When the nitrate was heated at 450°C for one hour, the product
appeared black and x-ray diffraction analysis (Fig. 1) showed the presence of
Cr0p. After further heating at 450°C, for a total of 24 hours, the diffraction
pattern of the product showed the presence of a single phase which corresponded
to Cry03. However, the dependence of susceptibility upon field shown in Fig. 2
indicated that a small ferromagnetic phase was still present, which was probably
due to remaining traces of CrO;. When the oxide was heated to 800°C for 24
hours, the resulting product appeared green and gave no evidence either by x-ray
analysis or field dependency measurements (Figs. 1, 2) for the existence of

Cr0; in the product.

Samples of the Zr0,-Cry03 system were prepared by the double decomposition
of ZrO(NO3)3-9110 and Cr(NO3)3-9H70. Whereas decomposition of zirconyl nitrate
proceeded completely below 500°C and the final product was tetragonal Zr0> (6),
the Jdecomposition of the double chromium-zirconium nitrate required a
temperature of 600°C in order for conplete conversion to the oxide. X-ray
analys.s of products containing varying atomic percent of chromium are given in
Table I. The representation of the chromium loading in Table I was chosen

because the oxidation st~te of chromium varies from sample to sample.

Decomposition of pure zircenyl nitrate, in the absence of chromium, at 600°C
results in the formation of tetragonal Ir0> containing a small quantity of
monoclinic Zr0-. For the sanples prepared by double decomposition of the

nitrate, x-ray diffraction analysis indicates the absence of any chromium oxide.
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However, the structure of the zirconium oxide underwent a gradual transformation

from tetragonal to cubic, indicating that chromium was stabilized within the

fluorite structure. Stabilization of the cubic form of ZrO; requires the

presence of a solid solution with the chromium oxide. This was demonstrated by

Stocker and Collongues (3).

TABLE I

Phases obtained after
decomposition

Composition of nitrate at 600°C

Tetragonal Zr0p + small amount monoclinic Zr0j

2107

Cr/(Cr+Zr) = 5% Tetragonal ZrQp + trace monoclinic ZrOjp
Cr/(Cr+Zr) = 10% Tetragonal Zr0;

Cr/(Cr+Zr) = 15% Pscudo cubic Zr0jp

Cr/(Cr+Zr) = 20% Cubic Zr0p

In order to ascertain the oxidation state and nature of the chromiun

associated with the Zr0>, magnctic measurcments were made as functions of both

Whereas bulk Cra0j3, prepared below 800°C, a field

field and temperature. showed

dependency indicative of the presence of Cr0O> contamination, nonc of the

zirconium oxide samples containing chromium showed any such field dependency
This indicated that bulk CrOp was not present in any of the products prepared at

It had been shown that this temperaturc was necessary for the complete

600°C.
-’l
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decomposition of the mixed nitrate to the oxides.

The paramagnetic moments of the 5-20 atomic percent loading of chromium are
given in Table II. From the moments found for the various samples of Zr0;
containing chromium, it can be seen that most of the chromium is present as .
Cr(IV). There also appears to be an increase in the observed moment with
increasing chromium loading. This is consistent with the possible existence of
Cr(V) 3d! in the sample and agrees with the results of Matsunaga concerning
chromium oxide supported on aluminum oxide. In order to confirm the existence

of Cr(IV) in Zr0,, a sample of 20at% Cr/(Cr+Zr) was heated in a stream of

TABLE II

Loading (at% Cr/Cr+IZr) Temperature of preparation Paramagnetic moment

Pexpt'l

*Moment per Cri Spinoanlo oot for Or(iv) 2,83, for Cr(l11) 3.87,

........
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85%Ar/15%H, at 600°C for 8 hours. The results of the magnetic measurements are
indicated in Fig. 3. From this data the paramagnetic moment was calculated to
be 3.65 B.M., which corresponded closely to the conversion of Cr(IV) to Cr(III)
within the cubic ZrC; structure. X-ray analysis of the reduced sample indicates

no appreciable change in the structure of the ZrO; sample containing Cr(III}.

Zr0; samples containing up to 20 atomic percent chromium remain stable until
approximately 700°C; above this temperature Cr,03 begins to appear in x-ray
diffraction patterns of the products and the Zr0Oj; gradually trans.orms to the

monoclinic form.

Another sample of ZrO» containing 20at% Cr was prepared by incipient

wetness. A 0.5M solution of chromium nitrate was added to tetragonal Zr0O, and

roaon
i)

. .
Faraay s

decomposed at 600°C. X-ray diffraction analysis indicated that both Cr,03 and

o A

'k‘.lvl

the starting Zr0p were the only phases formed. There was no evidence for the

formation of a solid solution between chromium and zirconium oxides.

5. Acknowledgements )
The authors would like to thank Dr. S. Soled of Exxon Rescarch § Engineering,
Annandale, New Jerscey, for his helpful suggestions. This research was supported
in part by the Office of Naval Rescarch and by the Exxon Education Fund. The

authors also wish to acknowledge the support of the National Science Foundation

for the partial support of K. Dwight and the use of the Materials Rescarch

Y

'

Laboratory at Brown University which is funded by the National Scicnce

Y

Foundation. N

Y

=Y

<

7

[

lﬂ"\

- R N IRy -.'r-v S ‘.“._’J

\.‘- 'b" '*{ YRR “:‘ '.hPJ-"'.I'A‘.p el l_d!.t.j‘.&‘..".l'_.&‘d' e AA.‘;“ E‘A‘AX&&J‘M& A.\.!-‘:L-L!;zbt". .\‘1.‘: .5 % 3% VN M\u IS



;T:—:‘ AN a and B sl Sot hade Sl Ad -man Al e Sta At Al Al i:)-
Poe
tart
2
-8 -
6. References
1. R. P. EISCHENS and P. W. SELWOOD, J. Am. Chem. Soc. 69 (1947) 2698,
2. Y. MATSUNAGA, Bull. Chem. Soc. Japan, 30 (1957) 868.
3. J. ST5CKER and R. COLLONGUES, Compt. Rend. 245 (1957) 695,
4, P. MOURON, Rev. de Chim. Min., 18 (1981) 102.
5. H. P. WALTER, A. I. LESNIKOWITXCH, J. Scheve und G. Rienacker, Zeit. fur
Anorg. und Allgem. Chemie. 364 (1969) 276.
6. Y-C. ZHANG, K. DWIGHT, A, WOLD, Mat. Res. Bull., 21 (1986) 853.

|

»

|
g
M

.Y

G h N

| 'R
A
A

g

iR

4,1,

- v v
ER

~

ol
¢

REEZ R

> e

'y

o
bl

NIRRT s
Eﬁaﬁ&h{{.ﬁ

e
P

N AN L 'i. ~ Ny R TR SRR Sa e _.-“4.':-".'-’ e . 'J. ',hﬁ':- ‘,‘.’_ RN I J‘_' P A '..-.’:-{.'T‘-."
.(\{v’iaﬁs‘m&s{cfmﬁ{{i\{xﬁﬂ.’\‘:\”.1 A N R AT N A SV YOV YL W

8 s et Bk Sk e el Sed et e bt ) Ml bl o gl ok said ard ane JAA arh ot B ots AR R S Roicdal Soh Bnb tol Sl SR MR R A A A ‘»_"-_

O 3 rte

LY

~
<
~
.“

<, —/l

" > ‘i.
,
T

s
af

AW

L

- AW

Al

R

P -
o e

Mt

CAE BT S .

) Mt et . _.‘J -~ . \"_,

i, ¢




TP AR T AT N NN \f"_""J"J'“—"'.Fvvv'—'"-"J"F",-"-'l'l“\‘-

W’-H-"d“l e et a-a s i aiieai et atil et alitach aiLERACY L' abaC ol
o

C ot ¢

FIGURE CAPTIONS

Fig. 1. X-ray phase analysis of chromium oxides prepared at 450°C and at 800°C

Fig. 2. Dependence of effective magnetic susceptibility upon inverse applied

field at 77°K for chromium oxides prepared at 450°C and 800°C.

Fig. 3. Temperature dependence of the corrected magnetic susceptibility per
mol of Cr of 20 atomic percent Cr/Zr0; samples both preparcd in air

at 600°C and reduced in 85/15 Ar/ly at 600°C.
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